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ABSTRACT
Background
Asthma and allergic diseases have increased in the developed countries. It is important to
determine whether the same trends are occurring in the developing countries in Africa. We
aimed to determine the time trend in the prevalence of exercise-induced bronchospasm (EIB)
and atopic sensitisation over a ten-year period in Ghanaian schoolchildren.
Methods and Findings
Two surveys conducted using the same methodology ten years apart (1993 and 2003)
among schoolchildren aged 9–16 years attending urban rich (UR), urban poor (UP), and rural (R)
schools. Exercise provocation consisted of free running for six minutes. Children were skin
tested to mite, cat, and dog allergen. 1,095 children were exercised in 1993 and 1,848 in 2003;
916 were skin tested in 1993 and 1,861 in 2003. The prevalence of EIB increased from 3.1% (95%
CI 2.2%–4.3%) to 5.2% (4.3%–6.3%); absolute percentage increase 2.1% (95% CI 0.6%–3.5%, p ,
0.01); among UR, UP, and R children EIB had approximately doubled from 4.2%, 1.4%, and 2.2%
to 8.3%, 3.0% and 3.9% respectively. The prevalence of sensitisation had also doubled from
10.6%, 4.7%, and 4.4% to 20.2%, 10.3%, and 9.9% (UR, UP, and R respectively). Mite sensitisation
remained unchanged (5.6% versus 6.4%), but sensitisation to cat and dog increased
considerably from 0.7% and 0.3% to 4.6% and 3.1%, respectively. In the multiple logistic
regression analysis, sensitisation (odds ratio [OR] 1.77, 95% CI 1.12–2.81), age (OR 0.88, 95% CI
0.79–0.98), school (the risk being was significantly lower in UP and R schools: OR 0.40, 95% CI
0.23–0.68 and OR 0.54, 95% CI 0.34–0.86, respectively) and year of the study (OR 1.73, 95% CI
1.13–2.66) remained significant and independent associates of EIB.
Conclusions
The prevalence of both EIB and sensitisation has approximately doubled over the ten-year
period amongst 9- to 16-year-old Ghanaian children irrespective of location, with both EIB and
atopy being more common among the UR than the UP and R children.
The Editors’ Summary of this article follows the references.
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Early reports from developing countries in Africa over
three decades ago suggested that childhood asthma was
uncommon and not associated with atopic sensitisation [1–6].
However, due to cultural and linguistic differences in this
region it is often difﬁcult to adopt a universally accepted
asthma deﬁnition and accurately compare the ﬁndings
between different areas. This problem is emphasised by the
fact that there is no word for wheeze or asthma in most of the
local dialects. To circumvent this, exercise-induced broncho-
spasm (EIB) may be used as an objective indicator of asthma
[7], although its value may be limited by environmental
factors (e.g., temperature, humidity, air pollution) [8].
Using EIB as a marker of asthma, several recent cross-
sectional reports suggested that asthma appears common
among African children [9–13]. These studies also reported
relatively high prevalence of atopic sensitisation (previously
uncommon in these countries), and an increasing association
between asthma and sensitisation [9–12]. Furthermore, a
higher prevalence of asthma and atopy was observed among
urban than rural children, and in the more afﬂuent
communities [9–12,14]. These ﬁndings indirectly suggest that
asthma prevalence may be increasing in Africa. As African
countries experience economic growth, social conditions
and lifestyles are likely to change, transforming the pattern
of diseases [15]. It is therefore important to determine
whether the suggested increase in asthma prevalence in
Africa is real, as the cost of treatment could overwhelm
health budgets.
In 1993, we conducted a study among Ghanaian school-
children to determine the prevalence of EIB and atopic
sensitisation [11]. In the current study, we aimed to determine
the change in the prevalence of EIB and atopy over the
subsequent ten-year period.
Methods
Setting
We conducted two surveys in the same setting using exactly
the same methodology ten years apart (1993 [11] and 2003) in
Kumasi, Ghana, among children aged 9–16 years during the
dry season (February–March). The study was approved by the
Ghana Education Service and the management of the
University of Science and Technology Primary and Junior
Secondary Schools, Kumasi, and parental consent was
obtained through the heads of the schools.
Participants
In the 1993 surveys, we categorised schools in Kumasi into
urban poor (UP) and urban rich (UR) according to the fees
charged [11]. One school from each category was selected
based on proximity (Kotei Primary and Junior Secondary
schools from the UP category, University of Science and
Technology Primary and Junior Secondary schools from the
UR category), and a third school from a nearby rural area was
selected on the basis of size and accessibility (Ohwim Primary
and Junior Secondary schools). The UR and UP schools were
situated two kilometres apart and the rural (R) school was
situated 20 kilometres outside Kumasi. We used the same
schools in 2003. To ensure consistency, all tests were
performed by the same investigators in both surveys.
Procedures
Skin testing. Children were skin-prick tested to the
common inhalant allergens (Dermatophagoides pteronyssinus, D.
farinae, cat, and dog, with positive and negative controls;
Allergopharma, http://www.allergopharma.de). Sensitisation
was deﬁned as wheal at least 3 mm greater than the negative
control. In order to ensure that the potency of the diagnostic
solutions in 2003 was comparable to that in 1993, major
allergen content of the skin testing extracts was determined
using two-site monoclonal antibody-based ELISAs (Der p 1
for D. pteronyssinus, Der f 1 for D. farinae, Fel d 1 for cat, and
Can f 1 for dog); the results conﬁrmed batch-to-batch
consistency.
Exercise test. In 1993 we investigated 200 healthy partic-
ipants and deﬁned a normal response to exercise challenge as
a 12.5% or less postexercise drop in peak expiratory ﬂow rate
(PEFR) [11]; this value was used as a cutoff for positive
exercise test.
After their height and weight were measured, each child
was assigned his/her own peak-ﬂow meter and its use was
demonstrated to the whole group. The children practised
until good technique was achieved (three readings less than
5% apart). At the beginning of the test PEFR was recorded
(the best of three consecutive blows) and compared with age/
height-predicted data. An exercise challenge was not per-
formed if PEFR was below 60% of predicted.
The exercise challenge consisted of free running outdoors
for 6 min, aiming at a heart rate of more than 170 beats/min
or 85% maximum for age (whichever was greater). The PEFR
manoeuvre was repeated 5 min and 8 min after exercise, and
the lower PEFR was recorded.
Tests were carried out between 0800 and 1200 hours.
Relative humidity was recorded as the mean between those
recorded at 0600 and 1200 hours, and temperature as the
daily mean.
Statistical Analysis
Statistical analysis was carried out using SPSS 11.0 (http://
www.spss.com) and conﬁdence interval analysis programmes.
Wilson’s method was used to calculate means and 95%
conﬁdence intervals (CIs) for prevalences and for their
differences between years [16]. We used v
2 test to determine
the signiﬁcance of differences in categorical variables, and
unpaired t-tests for continuous variables. We calculated CIs
for estimates of relative risks (RRs) for the outcomes in 2003
compared to 1993 [16]. The relationship between EIB and risk
factors including age, gender, body mass index (BMI), school,
sensitisation, and year of the study was analyzed using
multiple logistic regression. Odds ratios (ORs) were estimated
using the regression models, and 95% CIs were generated
according to Wald, using a p-value of 0.05 as signiﬁcant.
Results
All children aged 9–16 y attending the schools participated
in the study. A total of 1,095 children (557 [50.9%] male) were
exercised in 1993 (599 UR, 220 UP, and 276 R) and 1,848 (935
[50.6%] male) in 2003 (651 UR, 559 UP, and 638 R); 916
parents and children consented to skin testing in 1993 and
1,861 in 2003. In 1993, one child in the rural school was not
allowed to run because of severe sickle cell anaemia. No child
was excluded because of low baseline PEFR. In 2003, a total of
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response analysis because they failed to complete the 6-min
free running exercise. None of them had an abnormal
baseline PEFR.
There was little difference in the environmental factors
between the two study periods (1993 and 2003, temperatures
28 8C and 29 8C and relative humidities 60% and 71%,
respectively).
Demographic characteristics of the study populations are
presented in Table 1. Participants in 2003 were slightly older
than those in 1993 (average about 6 mo). In 1993, children
from the UP and R schools had similar weights and heights,
whereas children from the UR school were signiﬁcantly
heavier and taller. In 2003 weights and heights of children
from the three schools differed signiﬁcantly, with UR
children being heaviest and tallest and R children lightest
and shortest (Table 1). In 2003, children in all three schools
were signiﬁcantly heavier and taller compared to 1993.
EIB and Atopic Sensitisation, 1993–2003
The prevalence of EIB, atopic sensitisation, and sensitisa-
tion to individual allergens in 1993 and 2003 is presented in
Table 2. Overall, prevalence of EIB had increased from 3.1%
(95% CI 2.2%–4.3%) in 1993 to 5.2% (95% CI 4.3%–6.3%) in
2003 (absolute percentage increase 2.1%, 95% CI 0.6%–3.5%,
p¼0.009). The prevalence of EIB had approximately doubled
from 4.2%, 1.4%, and 2.2% in 1993 to 8.3%, 3.0%, and 3.9%
in 2003 (UR, UP, and R schools respectively; Table 2).
Although the pattern was similar in all three schools, this
change was statistically signiﬁcant only in the UR school and
the whole sample (Table 2). As in the 1993, EIB in 2003 was
substantially more prevalent among the UR compared to UP
or R children (p , 0.001).
The prevalence of sensitisation had approximately doubled
from 10.6%, 4.7%, and 4.4% in 1993 to 20.2%, 10.3%, and
9.9% in 2003 (UR, UP, and R respectively, Table 2). While the
highest prevalence was observed in the UR children, the
largest changes were observed in the R and UP schools. In
both surveys the prevalence of sensitisation was similar in UP
and R schools, and signiﬁcantly lower than in the UR school.
Sensitisation to dust mites (D. farinae, D. pteronyssinus)
remained common, but unchanged over the 10-y period
(5.8% and 5.6% in 1993, 5.6% and 6.4% in 2003). However,
sensitisation to cat and dog, which was very rare in 1993
(0.7% and 0.3%, respectively) increased considerably, to 4.6%
and 3.1% in 2003.
Relationship between Atopic Sensitisation and EIB
The proportion of EIB-positive children who were atopic
had increased from 13.3% in 1993 to 24% in 2003. In 1993
there was no signiﬁcant association between sensitisation and
EIB (OR 1.9, 95% CI 0.65–5.64, p¼0.24). In 2003 sensitisation
signiﬁcantly increased the risk of EIB (OR 2.10, 95% CI 1.29–
3.42, p ¼ 0.003).
In the multiple logistic regression analysis including age,
gender, BMI, school, sensitisation, and year of the study, the
following variables remained signiﬁcant and independent
associates of EIB: atopic sensitisation (OR 1.77, 95% CI 1.12–
2.81,p¼0.015),age(OR0.88,95%CI0.79–0.98,p¼0.02),school
(usingURschoolasareference,theriskofEIBwassigniﬁcantly
lower in UP and R schools [OR 0.40, 95% CI 0.23–0.68, p ¼
0.001; OR 0.54, 95% CI 0.34–0.86, p¼0.009, respectively]), and
year of the study (OR 1.73, 95% CI 1.13–2.66, p¼0.01).
Discussion
Principal Findings
To our knowledge this is the ﬁrst study in Africa to
compare objective measures of atopic sensitisation and
exercise-induced airway reactivity suggestive of asthma over
a ten-year period. The prevalence of both EIB and sensitisa-
tion has increased substantially amongst Ghanaian school-
children. Sensitisation to pet allergens, which was uncommon
in 1993, is becoming considerably more frequent. This
observation was made in association with contemporaneous
improvements in nutritional status, with an increase in
weight, height, and BMI. The biggest changes in EIB
Table 1. Demographic Characteristics of the Study Populations in 1993 and 2003
Factor School 1993 2003 Difference (95% CI) p-Value
n Mean (95% CI) n Mean (95% CI)
Age, years UR 559 11.5 (11.3 to 11.6) 655 11.8 (11.6 to 11.9) 0.28 (0.08 to 0.48) 0.007
UP 220 11.8 (11.6 to 12.1) 576 12.6 (12.5 to 12.8) 0.81 (0.52 to 1.11) ,0.001
R 276 12.1 (11.0 to 12.3) 646 12.2 (12.1 to 12.3) 0.08 ( 0.21 to 0.37) 0.59
All 1,095 11.7 (11.6 to 11.8) 1,877 12.2 (12.0 to 12.3) 0.47 (0.32 to 0.61) ,0.001
Weights, kg UR 559 36.9 (36.1 to 37.7) 655 41.0 (40.2 to 42.0) 4.12 (2.92 to 5.33) ,0.001
UP 220 31.5 (30.4 to 32.5) 559 37.4 (36.6 to 38.2) 5.96 (4.51 to 7.40) ,0.001
R 276 30.6 (29.6 to 31.5) 625 33.8 (33.0 to 34.5) 3.17 (1.90 to 4.44) ,0.001
All 1,095 34.2 (33.7 to 34.8) 1,839 37.5 (37.0 to 38.0) 3.24 (2.46 to 4.01) ,0.001
Heights, cm UR 599 145.0 (144.1 to 146.0) 655 149.0 (148.1 to 149.8) 3.94 (2.71 to 5.18) ,0.001
UP 220 139.3 (137.8 to 140.8) 572 145.0 (144.0 to 146.0) 5.72 (3.91 to 7.53) ,0.001
R 276 138.1 (136.6 to 139.6) 644 141.6 (140.7 to 142.6) 3.56 (1.78 to 5.35) ,0.001
All 1,095 142.1 (141.4 to 142.8) 1,871 145.2 (144.7 to 145.8) 3.11 (2.20 to 4.02) ,0.001
BMI UR 599 17.3 (17.1 to 17.5) 655 18.2 (17.9 to 18.5) 0.93 (0.59 to 1.28) ,0.001
UP 220 16.0 (15.7 to 16.2) 559 17.5 (17.2 to 17.7) 1.46 (1.10 to 1.83) ,0.001
R 276 15.7 (15.5 to 15.9) 623 16.6 (16.4 to 16.8) 0.86 (0.57 to 1.14) ,0.001
All 1,095 16.6 (16.5 to 16.8) 1,837 17.4 (17.3 to 17.6) 0.80 (0.61 to 1.00) ,0.001
BMI ¼ weight/height
2
doi:10.1371/journal.pmed.0040070.t001
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biggest change in atopy was observed in the UP and R schools.
However, EIB and atopy were still more common among UR
than among UP and R children.
Strengths and Weaknesses of the Study
Both surveys were conducted at the same time of year using
identical methods, allowing objective comparisons. It is worth
emphasising that, in marked contrast to 1993, rapid growth in
the city population (from 700,000 to 1.3 million) made the
‘‘rural’’ setting in 2003 almost indistinguishable from the
‘‘urban’’ in terms of infrastructure and lifestyle. Ghana has a
high national population growth rate of about 2% per
annum, as a result of high fertility and declining infant
mortality rates (which improved from 69/1,000 live births in
1993 to 55/1,000 live births in 2005, probably due to improved
access to health care). This growth rate, together with rural-
to-urban migration in search of better jobs, may explain the
rapid population growth in the city. Consequently, enrolment
in the UP and R schools increased, which was reﬂected in a
considerably larger sample size and the fact that in the 2003
survey children were slightly older. However, the increase in
the number of children recruited in 2003 compared to 1993 is
unlikely to have affected the main outcomes.
Environmental pollution increased as a consequence of
increased economic activity. While this factor may have
affected exercise test responses, the extent to which it did is
difﬁcult to estimate, although it is likely to be minimal.
It should be emphasised that, although EIB is suggestive of
asthma, these conditions are not equivalent, and asthma can
be present in the absence of positive exercise challenge test,
and vice versa. Airway hyper-responsiveness has been
extensively assessed as an objective marker of asthma, since
it is an important feature of the disease and is relatively easy
to measure. Exercise is one of the most common triggers of
brief asthma symptoms, and seems to be a speciﬁc trigger for
patients with asthma, since it rarely causes bronchoconstric-
tion in normal individuals or those with other respiratory
conditions. The mechanisms by which exercise leads to
airﬂow limitation are not completely understood, but there
are two proposed theories (the hyperosmolarity theory and
the airway rewarming theory, which refer, respectively, to
changes in the osmolarity of the ﬂuid lining of the lung and to
the cooling and rewarming of the airway mucosa) [17,18].
Meaning of the Study
In contrast to studies in economically developed countries
that have suggested that asthma and atopy epidemics have
reached a peak or may have declined in the last decade [19],
our study suggests that the increase in prevalence in Africa is
continuing. Policy-makers should take this into account, as
the high cost of asthma treatment may signiﬁcantly affect
health budgets of developing countries in coming decades.
Factors associated with the transition from rural to urban
lifestyles could be responsible for the observed increases in
EIB and atopy in this community. Notable differences
Table 2. Changes in Prevalence of Exercise-Induced (Bronchospasm) Fall in PEF and Sensitisation in Ghanaian Schoolchildren Aged 9–
16 Years, 1993 to 2003
Condition School 1993 2003 Absolute %
Increase (95% CI)
Relative Risk
(95% CI)
p-Value
Frequency Prevalence
(95% CI)
Frequency Prevalence
(95% CI)
EIB (fall in PEFR) UR 25/599 4.2% (2.8 to 6.1) 54/651 8.3% (6.4 to 10.7) 4.1% (1.4 to 6.8) 1.99 (1.25 to 3.15) 0.003
UP 3/220 1.4% (0.5 to 3.1) 17/559 3.0% (1.9 to 4.8) 1.7% ( 1.1 to 3.7) 2.23 (0.66 to 7.54) 0.18
R 6/276 2.2% (1.0 to 4.7) 25/638 3.9% (2.7 to 5.7) 1.7% ( 1.0 to 3.9) 1.80 (0.75 to 4.35) 0.18
All 34/1,095 3.1% (2.2 to 4.3) 96/1848 5.2% (4.3 to 6.3) 2.1% (0.6 to 3.5) 1.67 (1.14 to 2.46) 0.008
Sensitisation to
at least one allergen
UR 50/473 10.6% (8.1 to 13.7) 132/655 20.2% (17.3 to 23.4) 9.6% (5.3 to 13.7) 1.91 (1.41 to 2.58) ,0.0001
UP 8/172 4.7% (2.4 to 8.9) 58/564 10.3% (8.0 to 13.1) 5.6% (0.8 to 9.2) 2.21 (1.08 to 4.54) 0.02
R 12/271 4.4% (2.6 to 7.6) 64/645 9.9% (7.8 to 12.5) 5.5% (1.7 to 8.7) 2.24 (1.23 to 4.08) 0.006
All 70/916 7.6% (6.1 to 9.5) 254/1864 13.6% (12.1 to 15.3) 6.1% (3.7 to 8.4) 1.78 (1.39 to 2.30) ,0.0001
Sensitisation to
D pteronyssinus
UR 37/473 7.8% (5.7 to 10.6) 73/655 11.1% (9.0 to 13.8) 3.3% ( 0.3 to 6.7) 1.43 (0.98 to 2.08) 0.06
UP 7/172 4.1% (2.0 to 8.2) 24/564 4.3% (2.9 to 6.3) 0.2% ( 4.1 to 3.1) 1.05 (0.46 to 2.39) 0.92
R 7/271 2.6% (1.3 to 5.2) 22/645 3.4% (2.3 to 5.1) 0.8% ( 2.1 to 3.0) 1.32 (0.57 to 3.06) 0.51
All 51/916 5.6% (4.3 to 7.2) 119/1864 6.4% (5.4 to 7.6) 0.8% ( 1.1 to 2.6) 1.15 (0.83 to 1.58) 0.40
Sensitisation to
D farinae
UR 40/473 8.5% (6.3 to 11.3) 64/655 9.8% (7.7 to 12.3) 1.3% ( 2.2 to 4.6) 1.16 (0.79 to 1.68) 0.45
UP 4/172 2.3% (0.9 to 5.8) 25/564 4.4% (3.0 to 6.5) 2.1% ( 1.7 to 4.6) 1.91 (0.67 to 5.40) 0.21
R 9/271 3.3% (1.8 to 6.2) 15/645 2.3% (1.4 to 3.8)  1% ( 4 to 1.2) 0.70 (0.31 to 1.58) 0.39
All 53/916 5.8% (4.5 to 7.5) 104/1864 5.6% (4.6 to 6.7)  0.2% ( 2.2 to 1.5) 0.96 (0.70 to 1.33) 0.82
Sensitisation to cat UR 5/473 1.1% (0.5 to 2.3) 48/655 7.3% (5.6 to 9.6) 6.3% (4.0 to 8.6) 6.93 (2.78 to 17.28) ,0.0001
UP 1/172 0.6% (0.1 to 3.2) 14/564 2.5% (1.5 to 4.1) 1.9% ( 0.9 to 3.6) 4.27 (0.57 to 32.24) 0.12
R 0/271 0% (0 to 1.4) 24/645 3.7% (2.5 to 5.5) 3.7% (1.9 to 5.5) NA 0.001
All 6/916 0.7% (0.3 to 1.4) 86/1864 4.6% (2.4 to 4.0) 4.0% (2.8 to 5.1) 7.04 (3.09 to 16.05) ,0.0001
Sensitisation to dog UR 2/473 0.4% (0.1 to 1.5) 25/655 3.8% (2.6 to 5.6) 3.4% (1.7 to 5.2) 9.02 (2.15 to 37.93) ,0.0001
UP 1/172 0.6% (0.1 to 3.2) 12/564 2.1% (1.2 to 3.7) 1.5% ( 1.2 to 3.2) 3.66 (0.48 to 27.95) 0.18
R 0/271 0% (0 to 1.4) 21/645 3.3% (2.1 to 4.9) 3.3% (1.5 to 4.9) NA 0.003
All 3/916 0.3% (0.1 to 1.0) 58/1864 3.1% (3.8 to 5.7) 2.8% (1.8 to 3.7) 9.50 (2.99 to 30.24) ,0.0001
doi:10.1371/journal.pmed.0040070.t002
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include diet (fresh versus canned and processed food with
higher salt and fat content) and environment (outdoor living
with exercise versus sedentary indoor living). Although
afﬂuent urban Ghanaian children are more prone to obesity
than rural children, the increased prevalence of EIB cannot
be explained by obesity [20,21]. In our study, very few of the
children would be classiﬁed as obese. Children in 2003 survey
were slightly older, but the increase in size could not be fully
explained by the six-month age difference between two
surveys. A signiﬁcant increase in weight, height, and BMI was
observed amongst rural children, and there was no difference
in age in this group.
Improved living standard, diet, and nutritional status may
result in fewer infections, which could have contributed to
the observed differences. Urban children tend to have fewer
infections of narrower scope than do rural children in Ghana.
However, malaria is common in both urban and rural areas,
and our earlier studies showed that helminthic infection are
uncommon in this area due to habitual use of anthelmintic
medication [22].
The rate of increase in sensitisation to cat and dog in this
study population is remarkable. It is worth emphasising that
we have checked the potency of the allergenic extracts used
for skin testing in 1993 and 2003 by measuring the major
allergen content, and have found them to be comparable. In a
recent study of risk factors for asthma in Ghanaian children,
w ef o u n dt h a td e s p i t eah i g hr a t eo fp e to w n e r s h i p
(comparable to the UK), pet allergen levels inside homes
were very low, as pets are kept predominantly outdoors [23].
This study has also demonstrated high mite allergen levels in
this environment, with 97% of participants having bed mite
allergen levels above the proposed threshold for sensitisation
(2 lg of Der p 1 per gram of dust) [23]. Allergen levels are
unlikely to have changed, and the rise in sensitisation to pet
allergens may be explained by an increased population of
susceptible children, rather than by an increase in allergen
exposure. However, our data also suggest that this increase in
susceptibility is not general, but allergen speciﬁc (i.e., we
observed no time-related trend in mite sensitisation).
In Ghana, ﬁrewood and charcoal are commonly used for
cooking in rural homes, whereas nonwood fuels (e.g.,
kerosene, liqueﬁed petroleum gas) are often used in urban
homes. Ethiopian studies have reported increased risk of
wheeze associated with the use of kerosene [24,25]. However,
in our recent study the type of domestic fuel was not
associated with childhood asthma [21].
In 1993 we failed to show a signiﬁcant association between
sensitisation and EIB. In contrast, in 2003 sensitisation was
signiﬁcantly associated with an increased risk of EIB. This is
likely a result of the larger number of subjects in 2003,
although we cannot exclude the possibility that a change has
occurred in the relationship between these two phenotypes
over the ten-year period. However, the results of the
multivariate analysis suggest that the increase in EIB may
not be caused by the increase in sensitisation.
Unanswered Questions
In developing countries improved nutritional status is
often a result of improved socioeconomic status, and is
usually associated with a more westernised lifestyle. The
observation of contemporaneous increase in BMI, atopic
sensitisation, and EIB lends support to the notion that the
adoption of westernised lifestyles is an important factor in
the development of asthma in children developing countries.
However, which particular aspects of westernised lifestyles
contribute to the development of atopy and asthma in
children remain unclear. The possible role of infections in
the development of asthma in this community needs further
study as well. Other factors such as immunisations and breast-
feeding may also be important, but have not as yet been
investigated within this setting.
Acknowledgments
Author contributions. EODAY, AW, DS, and AC contributed to
conception, design, analysis, and interpretation of data. EODAY, AW,
and AC drafted the article and revised it critically for important
intellectual content. EODAY, AW, AA, BBB, and AC contributed to
the analysis and interpretation of data. All authors gave final
approval of the version to be published. EODAY, AW, and AC are
the guarantors.
References
1. Anim JT, Edoo BB (1972) Bronchial asthma at the Korle Bu Teaching
Hospital—A preliminary report. Ghana Med J 11: 59.
2. Commey JOO, Haddock DRW (1973) Skin sensitivity to house dust mite
extracts in Ghanaian asthmatic in Accra. Trans Roy Soc Trop Hyg 67: 109–
111.
3. Rees PH, Gitoho F, Mitchell HS, Rees C (1974) Some aspects of the
aetiology of asthma in Nairobi with special reference to parasites and the
house dust mite. East Afr Med J 51: 729–733.
4. Warrell DA, Fawcett IW, Harrison BD, Agamah AJ, Ibu JO, et al. (1975)
Bronchial asthma in the Nigerian savanna region. A clinical and laboratory
study of 106 patients with a review of the literature on asthma in the
tropics. Q J Med 44: 325–347.
5. Haddock RW (1977) The pattern of bronchial asthma in Benin in the
equatorial forest zone of Nigeria. J Trop Med Hyg 80: 204–212.
6. Awodetu AA, Oyejide CO, Ogunlesi A, Onadeko BO (1992) Skin sensitivity
patterns to inhalant allergens in Nigerian asthmatic patients. East Afr Med
J 69: 631–635.
7. Burr ML, Eldridge BA, Borysiewicz LK (1974) Peak expiratory ﬂow rates
before and after exercise in schoolchildren. Arch Dis Child 49: 923–926.
8. Hahn A, Anderson SD, Morton AR, Black JL, Fitch KDA (1984)
Reinterpretation of the effect of temperature and water content of the
inspired air in exercise-induced asthma. Am Rev Respir Dis 130: 575–579.
9. Van Niekerk CH, Weinberg EG, Shore SC, Heese HV, Van Schalkwyk J
(1979) Prevalence of asthma: A comparative study of urban and rural Xhosa
children. Clin Allergy 9: 319–324.
10. Keeley D, Neill P, Gallivan S (1991) Comparison of the prevalence of
reversible airway obstruction in rural and urban Zimbabwean children.
Thorax 46: 549–553.
11. Addo-Yobo EOD, Custovic A, Taggart SC, Asafo-Agyei AP, Woodcock A
(1997) Exercise induced bronchospasm in Ghana: Differences in prevalence
between urban and rural schoolchildren. Thorax 52: 161–165.
12. Ng’ang’a LW, Odhiambo JA, Mungai MW, Gicheha CM, Nderitu P, et al.
(1998) Prevalence of exercise induced bronchospasm in Kenyan school
children: An urban-rural comparison. Thorax 53: 919–926.
13. Perzanowski MS, Ng’ang’a LW, Carter MC, Odhiambo J, Ngari P, et al.
(2002) Atopy, asthma, and antibodies to Ascaris among rural and urban
children in Kenya. J Pediatr 140: 582–588.
14. Yemaniberhan H, Bekele Z, Venn A, Lewis S, Parry E, et al. (1997)
Prevalence of wheeze and asthma in relation to atopy in urban and rural
Ethiopia. Lancet 350: 85–90.
15. Frenk J, Bobadilla JL, Sepulveda J, Cervantes ML (1989) Health transition in
middle income countries. New challenges for health care. Health Policy
Plan 4: 29–39.
16. Altman DG, Machin D, Bryant TN, Gardner MJ (2000) Statistics with
conﬁdence. Bristol: Blackwell BMJ Books. 256 p.
17. Storms WW (2003) Review of exercise-induced asthma. Med Sci Sports
Exerc 35: 1464–1470.
18. Anderson SD (1996) Exercise-induced asthma and the use of hypertonic
saline aerosol as a bronchial challenge. Respirology 1: 175–181.
19. Ronchetti R, Villa MP, Barreto M, Rota R, Pagani J, et al. (2001) Is the
increase in childhood asthma coming to an end? Findings from three
surveys of schoolchildren in Rome, Italy. Eur Respir J. 17: 881–886.
20. Gennuso J, Epstein LH, Paluch RA, Cerny F (1998) The relationship
between asthma and obesity in urban minority children and adolescents.
Arch Pediatr Adolesc Med 152: 1197–1200.
21. Chinn S, Rona RJ (2001) Can the increase in body mass index explain the
rising trend in asthma in children? Thorax 56: 845–850.
PLoS Medicine | www.plosmedicine.org February 2007 | Volume 4 | Issue 2 | e70 0359
Asthma and Allergy in Ghana22. Addo-Yobo EO, Custovic A, Taggart SC, Craven M, Baffoe-Bonnie B, et al.
(2001) Risk factors for asthma in Ghana. J Allergy Clin Immunol 108: 363–
368.
23. Woodcock A, Addo-Yobo EOD, Taggart SCO, Craven M, Custovic A (2001)
Pet allergen levels in homes in Ghana and the U.K. J Allergy Clin Immunol
108: 463–465.
24. Venn AJ,, Yemaneberhan H, Bekele Z, Lewis SA,, Parry E, et al. (2001)
Increased risk of allergy associated with the use of kerosene fuel in the
home. Am J Respir Crit Care Med 164: 1660–1664.
25. Dagoye D, Bekele Z, Woldemichael K, Nida M., Yimam M, et al. (2004)
Domestic risk factors for wheeze in urban and rural Ethiopian children. Q J
Med 97: 489–498.
Editors’ Summary
Background. The proportion of children with asthma is thought to be
increasing worldwide, and particularly among children that live in more
developed countries. However, it is not clear why this is, since many
different aspects of lifestyle and the environment have been linked with
the onset of asthma. In Africa, asthma has typically been thought of as
being very uncommon, and indeed in many African dialects there is no
word for asthma or the symptoms, such as wheezing, that asthmatic
children experience. However, some research studies have suggested
that asthma might be becoming more common in Africa and that this
could be linked to ongoing economic and social changes.
Why Was This Study Done? The researchers here wanted to understand
whether the trend for childhood asthma to be on the increase worldwide
was also the case in Africa. Economic growth is bringing about rapid
changes in lifestyle in many developing countries, and at the same time
the burden of disease is changing. In order to make sure that health
systems are appropriately resourced, it’s important to anticipate future
changes in the burden of different diseases.
What Did the Researchers Do and Find? This study was based on a
comparison between two surveys, carried out ten years apart, of children
attending three schools in Ghana’s second largest city, Kumasi. The
surveys were done in 1993 and 2003, and the schools surveyed were a
rich city school, a poor city school, and a school in the nearby
countryside. The same methods were used in the two different surveys.
Importantly, the researchers used an exercise test as an indicator for
asthma, because language differences meant they could not find out
whether children were indeed asthmatic. In the exercise test, the
schoolchildren ran outdoors for six minutes, and the researchers
measured how fast the children could breathe out before and after
exercise (their ‘‘peak flow’’). Children whose drop in peak flow was more
than 12.5% were classified as having exercise-induced bronchospasm,
which is thought to predict asthma. The children were also tested for
their response to extracts that commonly cause allergic reactions, such
as from dust mites and cat and dog hair. 1,095 children were studied in
1993 and 1,848 in 2003, paralleling the growth of the city, which also
meant that by 2003 the rural school had become incorporated into the
city. Over this period of time, the proportion of children with exercise-
induced bronchospasm increased in all three schools; overall this
proportion went up from 3.1% to 5.2%. Children from the rich city
school were most likely to have exercise-induced bronchospasm at either
survey date. However, children from the poor city school experienced
the biggest change over the time period studied, with more than double
the proportion of children having exercise-induced bronchospasm in
2003 as compared to 1993. The researchers also saw similar trends in
children who had allergic reactions to common substances.
What Do These Findings Mean? The researchers observed substantial
increases in the rate of exercise-induced bronchospasm, and allergic
reactions, between the two survey dates. This finding suggests that
asthma is likely to have become much more common in that time.
However, exercise-induced bronchospasm is not an exact indicator of
asthma so it is not possible to be certain about this. These changes are
likely to be linked with the adoption of westernized lifestyles, but which
precise factors are responsible for the increase is not clear. Factors linked
to the development of asthma include a lower rate of childhood
infections, a lower rate of breast-feeding, environmental pollution, and
many others. Links between the increase in exercise-induced broncho-
spasm and any of these factors were not examined in this study.
However, these results suggest that if the findings here are common to
other African cities as well, a greater proportion of African health
budgets will need to be devoted to asthma care in the future.
Additional Information. Please access these Web sites via the online
version of this summary at http://dx.doi.org/10.1371/journal.pmed.
0040070.
  W i k i p e d i ah a sa ne n t r yo na s t h m a( W i k i p e d i ai sa ni n t e r n e t
encyclopedia anyone can edit)
  The World Health Organization’s Ghana minisite has information on
this country
  Patient information from NHS Direct on asthma
  An accompanying PLoS Medicine Essay by Matthias Wjst and Daniel
Boakye discusses research on asthma in Africa
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